Abstract. We investigated the clinical significance of mechanical ventilation on ischemic-reperfusion injury caused by lung chest trauma as well as vascular endothelial growth factor (VEGF) expression levels in peripheral blood. Sixty-eight patients with severe chest trauma complicated with acute respiratory distress syndrome that were treated at our Tianjin Hospital from September 2013 to July 2016 were recruited. These patients were randomly and evenly divided into two groups, the research group and the control group. Thirty-four age and gender matched healthy people were selected as the normal group. Routine treatment was given to both the research and control groups, but mechanical ventilation was used in the research group. We detected pulmonary vascular resistance (PVR) and alveolar-arterial oxygen difference (AaDO 2 ) for patients in both groups before treatment, and after treatment for 1, 3, 6 and 12 h. We also tested PMN, superoxide dismutase (SOD), malondialdehyde (MDA), NO and Ang II value 30 min before and after treatment. We used the ELISA-test to detect VEGF expression levels in peripheral blood, followed by a statistical analysis. PVR levels of different time points in the research group were significantly lower than control group after treatment. The AaDO 2 value of the control group is much smaller than research group (P<0.5) after treatment for 1, 3 or 6 h. PMN count difference and MDA level in the research group is significantly lower than the control group after treatment for 30 min, but SOD and NO levels are much higher. Ang II levels of the research group in left atrial blood is significantly lower than control group (P<0.05). By comparing the hospitalization times, we found that patients in the research group have a shorter duration in hospital than the control group; differences are statistically significant (P<0.05). Additionally, compared to control group, research group VEGF expression levels in peripheral blood are significantly lower (P<0.05). Therefore, mechanical ventilation can reduce the high VEGF expression levels in serum caused by ischemic-reperfusion and can be used for clinical application.
Introduction
Severe chest trauma is a disease with acute onset, rapid development and is often associated with acute respiratory distress syndrome (ARDS). The mortality of this disease is extremely high without a timely treatment, and can be between 50 and 70% (1) . Therefore, an effective treatment for severe chest trauma patients can not only improve prognosis to enhance survival, but also reduce the occurrence of chain reaction after severe chest injury (2, 3) .
A causality has been found between lung ischemic-reperfusion injury and inf lammatory response in various complications caused by chest trauma. Some severe cases can develop into respiratory distress syndrome, which will affect the patients' perioperative life seriously. Previous studies have found that lung ischemic preconditioning can significantly improve postoperative PaO 2 levels and remarkably reduce pulmonary artery pressure, lung wet/dry ratio and malondialdehyde levels, which may to some extent prevent the damage of lung tissue (4) .
Previous studies report that ischemia-reperfusion injury can cause an increase in levels of blood neutrophils (PMN), peripheral blood superoxide dismutase and malondialdehyde (SOD and MDA), NO and Ang II, which probably related to ischemia, hypoxia and the stress of hypoxia of the lung (5-7). Additionally, vascular endothelial growth factor (VEGF) can induce various physiological and pathological processes. Its expression levels can be improved markedly in angiogenesis, vascular proliferation, tissue ischemia and hypoxia conditions to meet the needs of aerobic metabolism for injury tissue, which plays an important role in tissue reconstruction. Therefore, some scholars consider that VEGF expression levels can be monitored as one of the serological index of lung ischemia-reperfusion (8) . On the basis of previous studies, our study investigated the effects of mechanical ventilation on ischemic-reperfusion injury caused by lung chest trauma and VEGF expression levels in peripheral blood.
Materials and methods
Sample selection. Sixty-eight patients with severe chest trauma complicated with ARDS who were treated at our hospital from September 2013 to July 2016 were recruited. These patients were randomly and evenly divided into two groups, the research group and the control group. The control group included 19 males and 15 females, aged 19-72 years, average 45.3±12.5 years, 14 injury cases resulting from traffic accidents, 7 cases of fall, 6 cases of crush injury, 5 bluntly attack injury cases and other 2 cases; 7 cases were single chest trauma and 27 cases were multiple or compound injury. The research group included 18 males and 16 females, aged 20-64 years (44±2.51); 16 injury cases due to traffic accidents, 6 fall injury cases, 7 crush injury cases, 4 bluntly attack injury cases and 1 other case; 8 cases were single chest trauma, and 26 cases were multiple or compound injury. The 34 cases in the control group were treated in Tianjin Hospital's Physical and Examination Center simultaneously. No significant differences of clinical data were found between these two groups (P>0.05), and they are comparable. This study was approved by the Medical Ethics Committee of Tianjin Hospital and written informed consent was obtained from the patients.
Inclusion and exclusion criteria. Inclusion criteria: i) NYHA cardiac function class Ⅱ-Ⅲ; and ii) diagnosis of chest trauma in patients by clinical symptoms, signs, medical history, laboratories and control laboratories.
Exclusion criteria: i) patients with comprehensive symptoms of pneumothorax, severe arrhythmia and myocardial; ii) patients with cardiac pulmonary edema caused by respiratory distress and patients with non-completed clinical data; and iii) patients with mental illness or disturbance of consciousness.
Diagnostic criteria. All patients chosen in our study have significant traumatic injuries and acute onset. The clinical symptoms are faster respiratory rates (RR, >28 times/min), and pulmonary artery wedge pressure (PAWP, ≤18 mmHg), the symptoms still not being able to ease after a general oxygen therapy, and a cloudy shadow was found in patients' lung by using physical and chemical inspection and X-ray examination.
Methods. We closely monitored the patient vital signs and established a venous channel after they were hospitalized. We administered routine treatment to these two groups of patients according to parameters such as oxygen uptake, respiratory stimulant, anti-infection, bronchiectasis, correct water electrolyte and acid-base imbalance, and nutritional support. Apart from the routine treatment, mechanical ventilation was used in the research group. The BIPAP ventilator (manufactured by Philips Respironics, Inc., Murrysville, PA, USA) was used to help patients breathe, set up S/T model for 16 times/min respiratory rate, 8 cm/H 2 O oxygen pressure, 4 cm/H 2 O EPAP, and 35-60% oxygen concentration.
Observation targets. We observed the research and control group blood gas analysis before treatment and after treatment including PaCO 2 , PaO 2 and SaO 2 . We monitored patient lung function after treatment including MVV, FVC, and FEV0.3.
ELISA method to detect VEGF in peripheral blood. Peripheral venous blood was centrifuged for 5 min, and ELISA detection kits (Nanjing Jiancheng Technology Co., Ltd., Nanjing, China) were used to detect VEGF, PMN, SOD, MDA, Ang Ⅱ and NO levels in peripheral blood. Refer to standardized specifications in the detection kits for test methods and procedures.
SOD, MDA, NO, Ang Ⅱ level test.
SOD is detected by xanthine oxidase, and MDA levels are detected by thiobarbituric acid method; nitric acid reductase method is used to detect NO levels. Ang Ⅱ is detected by radioimmunoassay. PVR levels before treatment but no significant statistical differences (P>0.05). After treatment, PVR levels in both RG and CG dropped remarkably at different treatment time points (P<0.01). There were no significant statistic differences found between these two groups (P>0.05). Twelve hours after treatment, PVR levels in these two groups gradually stabilized, shown in Table II .
Comparison of peripheral blood PMN, SOD, MDA, Ang II and NO level between 30 min before and after treatment.
As shown in Table III , 30 min after treatment, the neutrophil numbers in peripheral blood was remarkably higher than before treatment; differences were statistically significant (P<0.05). However, comparison between RG and CG showed that no statistically significant differences were found (P>0.05). After treatment, the difference in RG was significantly smaller than CG (P<0.05). Thirty minutes after treatment, SOD and NO level in RG were significantly higher but the MDA levels were remarkably lower when compared to those in CG; the difference was statistically significant (P<0.05). Left atrial ejection (LAE) Ang II levels were also much higher (P<0.05); no significant difference was found between these two groups (P>0.05).
Blood gas index and lung function comparison between before treatment and after treatment. Before treatment, there were no significant differences found in PaCO 2 , PaO 2 and SaO 2 levels between the RG and CG group (P>0.05). After treatment, PaCO 2 , PaO 2 and SaO 2 levels in both the RG and CG group increased and the scale of improvement in RG was Table II . PVR comparation. significantly larger than CG; differences were statistically significant (P<0.05). A significant difference in MVV and FEV0.3 levels were found between RG and CG after treatment; differences were statistically significant (P<0.05). However, no significant difference in FVC levels was found between two groups (P>0.05) ( Table IV) .
After treatment -----------------------------------------------------------------------------------------------------------------

Comparison of hospitalized time.
Comparison of hospitalization time between RG and CG found that the RG group is shorter than CG group; differences were statistically significant (P<0.05) ( Table V) .
VEGF expression levels in serum.
Comparing VEGF levels in the research group, control group and normal group (NG) it was found that, the RG and CG group showed higher VEGF levels than NG. Peripheral blood VEGF expression levels in RG was significantly lower than that in CG; differences were statistically significant (P<0.05) ( Table VI) .
Discussion
Rib fractures, pulmonary contusion and hemopneumothorax caused by severe chest trauma can easily affect a patient's respiratory function, or even lead to acute respiratory distress which will aggravate the patient's conditions. Therefore, early diagnosis and treatment are of great importance for the improvement of severe chest trauma and the patient survival. Currently, oxygen therapy is the main treatment to improve the patient respiratory distress and hypoxemia symptoms in clinical practice. However, many clinical studies have shown that mechanical ventilation treatment has a better clinical therapeutic effect for severe chest trauma patients that are accompanied by ARDS (9) . Since chest trauma is often accompanied by a massive blood loss and a decrease of lung perfusion, a large amount of oxygen free radicals, leukocytic aggregation and complement activation in ischemia-reperfusion process are considered as some of the main mechanism that can cause lung injury after chest trauma (5, 10) . PMN aggregation plays an important role in lung ischemiareperfusion injury. Neutrophils accumulate in the lung and release a variety of enzymes by degranulation; a large amount of oxygen free radicals are then generated in this process which induce endothelial cell damage and strong lipid peroxidation, finally leading to lung injury (11, 12) . Our study found that, after treatment for 30 min, PMN value differences in peripheral blood of both research and control group are higher than before treatment. This result indicates that there was a certain degree of PMN aggregation in chest trauma patients' peripheral blood. However, after the mechanical ventilation treatment, the PMN value differences was decreased and lower than control group; differences were statistically significant (P<0.05). Therefore, mechanical ventilation treatment can decrease PMN aggregation and have a positive effect on improving this condition. Additionally, PVR levels of different times were significantly lower than the control group after treatment (P<0.05). AaDO 2 values in control group after treatment for 1, 3 and 6 h were all much lower than those in research group (P<0.05). MDA levels in research group was significantly lower than control group while the SOD and NO levels were much higher after treatment for 30 min. This indicates that the anaerobic metabolism inside of chest trauma patients' body caused a significant increase of oxidative stress levels after ischemia-reperfusion injury, thereby reducing SOD but generating a large amount of ROS in the oxidative stress process, which can cause damage to the surrounding normal tissue. A timely treatment of mechanical ventilation can improve oxidative stress. Moreover, Ang II levels in left atrial blood were much lower than in the control group (P<0.05) after treatment for 30 min. Patients in this group experienced a shorter hospitalization time than control group; differences were statistically significant (P<0.05). Peripheral blood VEGF expression levels in RG was significantly lower than that in CG; differences were statistically significant (P<0.05). This result showed that the VEGF levels also have a certain effect on the lung ischemia-reperfusion process.
It has been reported that there are a variety of control mechanisms of VEGF expression levels in the lung ischemia-reperfusion process (13, 14) . Hypoxia and inflammation may lead to an increase in VEGF levels. Hypoxia-induced VEGF was mediated by hypoxia-inducible factor (HIF-1α) and combined with the core sequence of hypoxia response element in gene promoter so that it can be expressed (15) . VEGF expression increases while the chest trauma is under hypoxia and ischemia conditions, but this more frequently occurs in alveolar epithelial cells. The alveolar cells damaged in the acute lung injury process can also contribute to the release of VEGF. Zhang et al found that acute inflammatory response can induce an increase in VEGF levels that are released at the early stage of acute lung injury (15) (16) (17) . Alveolar macrophages and neutrophils are a potential source of VEGF expression, while VEGF can stimulate damaged alveolar macrophages and neutrophils migrate to lung tissue. Damaged alveolar macrophages and neutrophils can produce a large amount of VEGF is related to the effects of various inflammatory cytokines like TNF-α, IL-6, IFN-α, γ (18) . Therefore, after a lung injury, the number of alveolar macrophages and neutrophils are increased as are levels of pro-inflammatory cytokines, such as VEGF expression levels. However, an early treatment of mechanical ventilation can greatly improve the patient hypoxia-ischemia status to reduce the generation of VEGF, infiltration of inflammatory cells and release of inflammatory cytokines.
In conclusion, mechanical ventilation treatment for chest trauma patients can reduce the high VEGF expression levels in serum caused by ischemic-reperfusion and has good application prospects.
